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TECHNICAL NOTE
A human cadaveric circulation model
H. Edward Garrett, Jr, MD, Memphis, Tenn
Although endovascular techniques have achieved widespread acceptance, a suitable model for device development and
physician training has not been available. Plastic models of the arterial tree and live animal models have significant lim-
itations. Arterial-to-arterial flow is established in fresh frozen human cadavers after a simple thrombolytic process to
achieve a more realistic model for endovascular device testing and training. Circulation can be established through most
of the arterial system, including the cerebral, aortoiliac, and extremity vessels. This model offers antegrade flow in
human arterial anatomy and has been used successfully for physician training and device development. (J Vasc Surg
2001;33:1128-30.)
As endovascular procedures achieve greater success
through improvement in device technology and the tech-
nical abilities of surgeons and interventional radiologists,
effort has been devoted to developing a suitable model
both for testing of new endovascular devices and for train-
ing interventionalists in new endovascular techniques.
Essentially, all models to date have involved a plastic
replica of the arterial tree under investigation with or
without a crystalloid solution pumped through the
model. Some models have included a rubber entry point
to simulate percutaneous puncture for access. Although
these models allow the trainee to become familiar with
manipulation of various wires and catheters, they fall short
of simulating the human arterial tree and offer little to
manufacturers wishing to test new endovascular devices or
radiographic equipment.
Anesthetized animals offer a functioning arterial circu-
lation, but, unfortunately, the size of most animal vessels is
too small to mirror conditions found in human patients.
The reduced arterial size limits the size of the sheath that
may be introduced and precludes testing of many devices
large enough for use in human arteries. The vessels of a
cow or large ape are large enough to simulate the human
arterial tree, but these animals are expensive and not avail-
able for widespread training or testing purposes.
An ideal model of the human arterial tree would
include as many elements of the normal and abnormal
human circulation as possible: (1) the arterial tree with
multiple and appropriate branches; (2) antegrade flow;
(3) pulsatile flow; (4) normal body temperature; (5) nor-
mal human arterial diameters; (6) models representing all
different segments of the human arterial tree; (7) percu-
taneous needle access; (8) physical characteristics of lim-
ited elasticity found in human arteries; and (9)
multilayered vessels with potential for dissection.
METHODS
To achieve a lifelike model of the human arterial tree, I
evaluated fresh frozen cadavers. These cadavers are readily
available to an appropriate educational facility that operates
as a nonprofit 501C3 facility and passes regular inspec-
tions by the Occupational Safety and Health Adminis-
tration (OSHA). Cadavers are obtained from a pool of
donated bodies that were rejected for use in anatomy
laboratories because of earlier surgery, congenital anom-
alies, or other disqualifying features. Transportation of
cadavers must be performed by a licensed funeral home
under the direction of an undertaker, but an undertaker is
not required to oversee the research facility.
Cadavers are donated by the individual and not pur-
chased by the research facility. Nevertheless, the research
facility agrees to pay all transportation and cremation
costs when work with the cadaver is completed. The ashes
are returned to the family, if requested, or deposited at
the cremation garden of a local cemetery. The total cost
averages $1000 per cadaver.
Cadavers are maintained in a frozen state at less than
10°F. No embalming is performed. A medical history is
available for each cadaver, and bodies that have no history
of severe peripheral vascular disease or earlier vascular
reconstruction are chosen. The cadavers are slowly
thawed at 64°F for 3 days before preparation.
Working through two or three remote sites to the
arterial tree under investigation, usually the sites of subse-
quent catheter cannulation, the arterial tree is cleared of
all thrombus by flushing the arteries with 4 L of Permico,
a commercially available solvent that is used in the funeral
home industry and manufactured by the Dodge Com-
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pany (Cambridge, Mass). The superficial and profunda
femoral arteries are exposed through an incision distal to
the common femoral artery to clear the aortoiliac arter-
ial tree. The left and right axillary or carotid arteries are
exposed through appropriate incisions. Two liters of
Permico is infused through the axillary or carotid arter-
ies and retrieved through the superficial femoral artery.
Two liters of Permico is then flushed in a reversed fash-
ion through the superficial femoral artery and collected
through the axillary or carotid arteries. Permico is
flushed through the pedal arteries at the ankle to clear the
lower extremity. Permico is flushed through the radial and
ulnar arteries at the wrist to clear the upper extremity.
Permico is flushed antegrade through one carotid and
retrieved through the other carotid to clear the cerebral
circulation. Occasionally, a balloon embolectomy catheter
is necessary to remove an adherent thrombus, which is
identified by means of dye injection with fluoroscopic
visualization. No added benefit has been demonstrated by
the use of irrigation with other preservatives or antibiotics.
Rarely, a cadaver with severe peripheral vascular disease
cannot be used, but moderate atherosclerosis can serve as
an excellent teaching tool.
An arterial-arterial circulation, which isolates the section
of arterial tree under investigation, can be established,
achieving inflow and outflow through catheters inserted at
remote sites. Inflow is established through a large bore end-
hole catheter with balloon occlusion (Meditech OB, Boston
Scientific, Natick, Mass) that is placed through a peripheral
access site. Outflow is established through a variety of
catheters placed distally to the area of interest. A femoral
cannula (sizes 18F, 20F, 22F) manufactured by Medtronic
USA (Eden Prairie, Minn) serves well for outflow in the
femoral, axillary, or carotid arteries. A large bore (14 or 16
gauge) Jelco intravenous catheter manufactured by Johnson
and Johnson Medical (Arlington, Tex) serves well for out-
flow from the radial, ulnar, posterior tibial, and dorsalis pedis
arteries. Outflow can also be accomplished through the
open vessel into a reservoir.
A variety of pumps and tubing may be used, including
those used for cardiopulmonary bypass grafting. Pumps may
produce pulsatile or nonpulsatile flow. I have used plastic
tubing with a 3⁄8-in diameter and 3⁄32-in thickness manufac-
tured by Medtronic USA. Both roller and centrifugal pumps
are manufactured by Sarns/Terumo (Ann Arbor, Mich).
Flows can be high enough to simulate normal cardiac out-
put or reduced to decrease the volume of radiopaque dye
required for fluoroscopic visualization. Many types of solu-
tions may be used to simulate blood, but a crystalloid solu-
tion colored with red dye is an inexpensive substitute. When
temperature-sensitive devices are being tested, solutions can
be easily warmed with a Sarns/Terumo heater in the pump-
ing circuit. All types of sheaths, catheters, and guidewires can
be inserted through normal access sites, such as the common
femoral or brachial arteries.
Although a circulatory model can be established for a
wide variety of needs, several common circuits are illus-
trated in Figs 1 through 3.
RESULTS
More than 200 cadavers have been prepared in this
manner for individual or group training sessions. When
cadavers are refrigerated or frozen between sessions, they
can be reused indefinitely. This model has been used to
train physicians seeking to improve their skills in manipu-
lating guidewires and catheters, performing balloon
angioplasty, and deploying stents and stented grafts
throughout the arterial tree. This model has been used
successfully for training investigators participating in trials
for stent graft repair of abdominal aortic aneurysms and
for training in intracranial and extracranial carotid arterial
manipulation.
The human cadaveric model meets many of the
requirements for an ideal circulation model. Arterial access
achieved by means of percutaneous or cut-down tech-
niques is lifelike. Antegrade flow is achieved with rapid
clearance of radiopaque dye with fluoroscopic visualiza-
tion. All types of sheaths, wires, and catheters can be
Fig 1. Inflow is achieved through a catheter placed in the
descending thoracic aorta distal to the left subclavian artery, and
outflow is achieved through femoral arterial catheters placed in
superficial femoral arteries. Vascular clamps on profunda arteries
allow open or percutaneous access to common femoral arteries.
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manipulated in an actual human arterial tree with appro-
priate-size vessels. Balloon angioplasty and stenting can be
performed in human vessels with physical characteristics
that are almost identical to an actual patient.
Limitations are few. Catheter manipulation and bal-
loon angioplasty can be performed repeatedly. Unfortun-
ately, once stents or stented grafts are released, they
cannot be retrieved, and this segment of the circulation is
no longer available for further device implantation. Edema
will develop because of third spacing of fluid. For this rea-
son, flow is discontinued when fluoroscopy is not being
used. The edema fluid will drain from the open access inci-
sions overnight, allowing repeated use of the model.
DISCUSSION
The human cadaveric circulation model offers the
most lifelike conditions possible for training and testing of
endovascular devices. The system offers three potential
benefits: (1) a superior model for research and develop-
ment of endovascular technology and radiographic assess-
ment of results; (2) a superior model for developing
minimally invasive surgical techniques; and (3) a widely
applicable training tool for endovascular techniques
already in use or new devices being investigated. This
model has been used successfully in training courses and in
the investigation of new devices.
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Fig 2. Inflow is achieved through a catheter placed in the com-
mon or external iliac artery. Outflow is collected by catheters in
dorsalis pedis and posterior tibial arteries or by open drainage of
these arteries into a reservoir. Access may be open or percuta-
neous through the common femoral artery.
Fig 3. Inflow is achieved through a catheter placed in descend-
ing thoracic aorta with retrograde perfusion toward aortic valve.
If the right carotid is being imaged, a clamp is placed proximally
on the left carotid, with outflow through a femoral arterial
catheter in the distal left common carotid. Outflow may be
reversed to image the left carotid. Catheter access is accomplished
through the inflow catheter with valved side port or through
brachial or femoral artery with catheters placed adjacent to
inflated balloon of inflow catheter. ECA, External carotid artery;
ICA, internal carotid artery, L, left; R, right.
